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returned in the upper, the water overflow. Messrs. 
Singer and Judell have adapted a highly ingenious ar
rangement for this purpose, so that it is quite impos
sible for the level of carbon bisulphide and water lay
ers to be other than constant. The carbon bisulphide 
overflows into and supplies the bisulphide tank nearest 
to the water t.ank system, and the water overflows into 
the watel' tank next to the receiving or dividing tank 
with automatic contri vances. This automatic contriv
ance consists of a float (see Fig. E and also Fig. B, d) 
which sinks in the water of the receiving tank but floats 
upon the carbon bisulphide. Through it, above and be· 
low, passes a slender rod with swivel joint at either end, 
connected with the terminals of two levers, whose op· 
posite ends are armed with stoppers closing or open
ing respectively the water and bisulphide overflows, 
above and below. It is now manifest that when ad
justed for a particular level of bisulphide in the "di
vider," if that level rose the float must rise, would raise 
the ends of the two levers connected with its axial rod, 
and these levers acting on their fulcrums would reo 
spectively close up the water overflow pipe and open 
the bisulphide overflow siphon (which delivers bisul· 
phide to the bisulphide tanks just as water is siphoned 
over from a tar distiller's "divider "). Thus a com
pensating automatic adjustment is secured, and. in 
principle, it is closely analogous to the float adjust
ment for reg ulating the steam pressure, and conse
quently the temperature, in distilling benzene and 
toluene, etc., in the Savalle's dephlegmating column. 
The water and bisulphide then respectively overflow 
into the neighboring tanks for these liquids, and so 
move in a direction opposite to that ill which the 
double perforated belts with wool are traveling. 
Hen']e wool that has become cleaner always meets with 
a current of bisulphide that is purer stilL The same 
thing is true of the water. 

Let us now follow the bisulphide in its course. This 
overflows from tank to tank till it reaches the first cis
tern, when, flowing uuderneath the inner cell holding 
the band and rollers and pa�sing through a fine strainer 
of wire gauze (g, Fig. C), it enters through the exit 
pipe, furnished with regulating tap (Fig. R), amI is 
slowly fed into the retort, of special construction (Fig. 
F), The interior is so arranged that the oily bisulphide 
flows down grooved sloping plates, along the bottom 
of the grooves of which a steam pipe is laid. The oil, 
free from bisulphide, at length reaches the bottom of 
the series of plates or trays in the retort, when it col
lects in the little cistern and overflows by the siphon 
pipe, as shown in Fig. F. At the sharp, almost angu
lar curve made where one groove joins the next on a 
sloping tray, the steam pipe, to prevent obstruction of 
the flow of oil, making a small arch or bridge, enters 
the next groove lower down and again lies along the 
bottom of it. These small arches are shown at a, a, 
Fig.F. 

Allow me now to point to two or three apparently 
trivial devices in chemical engineering which, never
theless, are calculated to astonish us by the important 
results achieved by them. Notice first (Fig. B, and 
also Fig. C) the sloping summits of the respective in
ner and outer false sides of the carbon bisulphide 
tanks. It will be observed that the slopes increase the 
depth of the tanks, while they guide and drain the ex
pressed liquors from the rollers down again into the 
proper tanks, so that those tanks containing pllrer bi
sulphide are not contalJJiuated by bisulphide drainings 
from a less pure tank nearer to the final and most 
highly charged tank. Besides this, by increasing the 
depth of the tanks in the manner described, an oppor
tunity is afforded for the most highly charged bisul
phide in each tank, which is consequently of lowest 
specific gravity, to overflow into the neighboring tank 
in the most economically advantageous way, viz., at 
the top, and with the saIne advantage, to enter that 
neighboring tank at the bottolll. In the case of the 
water tanks, a similar arrangement is devised, but 
since the water most highly charged with saline mat· 
ters, etc., will possess the highest specific gravity, and 
so lie nearest the bottoms of the tanks, the overflow 
takes place from the bottom of one tank and by the 
top of the next one into which the liquor runs over. 
This is made plain in Fig. B. 

"This is not an apparatus that has been merely worked 
out on paper. It has been very carefully operated in 
Australia for some time by the inventors, and I am as
sured that in the neighborhood of the scouring plant 
no smell whatever of carbon bisulphide can be detected 
when the apparatus is in full work. 

A patent has still more recently been taken out by 
G. and A. Burnell, of Adelaide, for a very similar piece 
of apparatus to that of Messrs. Singer and Judell, but 
it is one in which it is proposed to use benzine or pe
troleum spirit. 

In using petroleum spirit, a rectification would first 
be needed to free the ordinary spiJ'it of the trade from 
the partly greasy, partly resinous bodies of higher 
boiling point which it always contains. I miss in Bur
nell's specification any account of a continuous distill
ing apparatus to restore fresh solvent and give a con
tiuuous supply of oil, and I fear for the security of the 
leather-lip arl'angement to "prevent as llJuch as possi
ble the escape of the fumes." 

Messrs. Singer and Juddl calculate that the profits 
derived from the by-prod ucts of their process (the wool 
fats and potash salts, etc.) should pay the whole ex
pense of royalties, apparatus, and bisulphide required. 

In conclusion, my best thanks are due to Dr. F. H. 
Bowman for kindly lending me his lantern slides for 
the illustration of my papers, and for permitting me 
to reproduce some of the woodcuts from his well
known work on the wool fiber, also to Mr. Ig. Singer 
for drawings of his apparatus and for other assistance 
in preparing this paper.-Jour. Soc. Chem. Industry. 

THE DETERMINATION OF A SHIP'S COURSE 
AT SEA. 

Illils of determining the ship's route with the same pre· 
cision as by astronom ical observations, but with the 
help of the compass and log solely. This method only 
requires that the pilot shall cause the ship to describe 
a circle. During this evolution, the deviations of the 
compass are inscribed upon a registering apparatus 
which is the basis of the new method. 

This apparatus (Fig. 1) comprises four compartments, 
viz., the two cameral obscural, A, B, the photogl'aphic 

FIG. L 

compartment, C, the light compartment. L, and the 
compartment"E, in which is placed the clockwork move
ment. In the chamber, B, is placed the supply of 
sensitized paper. The drums, R R, that carry along 
and guide this paper are in A, and are actuated by 
the clockwork. Upon the circumference of the drum, 
R, there are a certain number of points which penetrate 
the paper and thus prevent its slipping, and which, be
sides, ma,l.'k a straight line upon the paper that must 
pass exactly through the axis of rotation of the com
pass. As the distance of these points serves to meas· 
ure the time, their number and the diameter of the 
drum depend upon the unit of tillle adopted. The 

FIG. 2. 

paper winds around the drum, R" after the registering, 
and. as the diameter of the drum varies according to 
the quantity of paper wound, the drum is coupled by 
friction with the wheel, R,. 

The rose, C, of the compass is placed in the photo
graphic chamber, upon its pivot, and is fixed by the 
part. F, as long as the apparatus is not in operation. 
In its magnetic axis it has a cylindrical aperture, which 
allows the light to pass and act upon the sensitized 
p5.per. The indications of the compass are, besides, 
engraved upon the lower surface, and the direct read· 
ings are effected through the mirrors, S M. All the parts 

o 

FIG. R 

of the apparatus, save the magnet, are of non·magnetic 
metal 

The registering done upon the under surface of the 
paper gives reversed indications. For example, if the 
paper be turned around the axiR of the comoass from 
N to 0, the registering point will describe an a;c of a 
circle from N to E. This is why it is necessary to 
phange the paper's position in order to obtain confirm· 
able indications, and this has necessitated the placing 
of the registering paper over the wind rose. 

Fig. 2 represents the indications engraved upon the 
surface of the glass disk employed for reading the regis· 
tered curves, a specimen of which is shown in Fig. 3. 
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FIG, 4. 

THE position of a ship at sea, that is, its longitude 
and latitude, can, as well known, be determined by 
means of the log and compass, the former giving 
the ves�el's speed and the latter the direction of the 
route followed. But, for this, it is necessarv from time 
to time to de�ermine the � irecti0I! of the compa�s by Let us consider a ship whose rudder is directed to· 
an astronollllcal observatIOn, whICh much complicates ward the north. Its course that is the angle between 
the method, and which, moreover, is impossible in bad I its axis and the magnetic ineridia� , is then inscribed 
'weat�er. . upon the paper as azimuth. If the latter is easterly, 

This has led Mr. Berg to devlee a method that per- it is marked to the right of the axis of the register' 
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ing apparatns, and vice versa if westerly. The glass 
is then so placed that N of the straight line, N S, shall 
be directed toward the beginning of the curve. The 
course followed by the ship in such or such a phase of 
the registering is then determined by observing the 
coincidence of the seg-ments, of the ordinateR of the 
curve inscribed, and of the deciphering glass. 

In order to facilitate the reading of the curves east 
and west, the wind rose is provided with a second aper
ture nearer the center than the first, but a quarter· 
circle distant with respect to the latter. Figs. 2 and 3 
show the advantages of this. 

In the apparatns described above, the paper moves 
with a velocity of 0'08 inch per m inute, and every five 
minutes a point separates t.he intervals of the teeth of 
the unwinding drum. The duration of each revolution 
is thus measured upon the axis of the paper band. 

The apparatus registers the course of the cOlllpass, 
and not the magnetic course. Now, it is the latter 
that it is necessary to know. For this, it is only nec· 
essary for the pilot to move the rudder a few degrees 
so as to cause the ship slowly to describe a circle. The 
apparatus would then descri be the curve, a, were its 
magnet submitted to the action of terrestrial magnet
ism only; but, in consequence of the magnetism of the 
ship, the curve described is not so regular, and becomes 
the curve b. The deviation of the compass correspond
ing to a given azimuth is then found in the following 
manner: 'fhe duration of the ship's evolution is divid
ed by the number of divisions of the wind rose, and 
this division is carried upon the axis of the registering 
paper, between the first and last position of the center 
of the inscribing radius. There is thus obtained upon 
this axis the positions of the principal divisions of the 
rose. 

If it be desired to know the deviation of the compass 
for its division, S 0, for example, the center of the 
glass disk is placed upon the point, E, of tlle axis, and 
the number of degrees cOlllprised between the curve of 
the deviations and the curve described by the appara
tus is then read upon the periphery of the glass. Thus, 
in Fig. 4, the deviation for N E is + 17° E, and for 
NOqN, -190.-La Lumiere Electl'ique. 

EXPLOSIV ES. * 

By W. H. DEERING, F.C .S., F.I.C. 
GUNPOWDER. 

IN the case of gunpowder, there has been the impor
tant innoyation of brown or cocoa powder, introduced 
in Germany in 1882. Previously to that date the gun
powders in military use were black, and had the fol· 
lowing composition (the moisture al ways present being 
deducted) : 

Nlttr. 
PotU138. 
Nitrate 

England . .......... '" ...... 75 
France (cannon powder) .... 75 
Germany .. ..... ....... .... . 74 
Austria . . .  " ................ 75'5 

Sulphur. 

10 
12'5 
10 
10 

Charcoal. 

15 
12'5 
16 
14'5 

The brown pOWder, however, has the composition of 
79 per cent. potassium nitrate, 3 per cent. sulphur, and 
18 per cent. charcoal. This is the composition given 
in Mr. J. N. Heidemann's patent (Eng. pat. Dec. 11, 
1884, No. 16,314), where it is further stated that the 
brown carbonaceous substance used as charcoal is 
obtained by carbonizing straw until it attains l\ brown, 
chocolate-colored appearance, when it is cooled, pow
dered, and mixed with the niter and sulphur in the 
proportions mentioned. 

U sed in the prismatic form, the brown powder (for 
equal velocities imparted to the projectile) produces 
considerably less pressure, and less smoke, than black 
prismatic powder of the old composition. 

Captain A. Noble and Sir Frederick Abel, in their 
researches on fired gunpOWder, found the quantity of 
heat evolved, and the volume in cubic centimeters of 
permanent gases (i. e., the water being condensed to 
liquid) at 0° C . ,  and 760 mm. pressure, per one gramme 
of dry powder, to be: 

Units of heat evolved (gramme de· 

Cocoa 
prism, 

grees Centigrade) .... .. . .... . 837 
Volume of permanent gases (cubic 

centimeters) .. . . . . . . ..... ... 198 

Black 
pebble. 

721 

278 

The cocoa powder, then, gives on explosion a greater 
quantity of heat, but a less volume of permanent gases, 
than the black powder. The larger quantity of water 
yapor produced in the case of the brown powder would, 
from its high specific heat, also have some influence in 
lowedng temperature, and consequently pressure; but 
the lower pressures produced in the gun with brown 
powder 1!I ust be largely attributable to a slower rate of 
combustion. 

Brown powder contains mure niter and less reducing 
matter than black powder; and the saline residue pro· 
duced by its explosion is completely oxidized, and con· 
sists of potassium carbonate and sulphate, and no sui· 
phide; and the gases of explosion contain a much 
smaller proportion of incompletely oxidized consti
tuents than in the case of black powder. The latter 
gives, when exploded, a considerable quantity of potas
sium sulphide. I shall be able to show this difference 
in chemical composition of the residue by inflaming, in 
these plates, an equal weight of black and brown pow
der; much potassium salt goes off in the powder smoke, 
but we will dissolve the residues in a little water, filter, 
and add to the filtrates lead acetate solution and acetic 
acid, when we shall obtain black lead sulphide from 
the black powder, and only white or slightly gray lead 
sulphate from the brown powder. 

Amide Powde1'.-An explosive preparation for use in 
guns, or as a blasting pOWder, was patented recently 
in this country by F. Gaens (Eng. pat., year 1885, 24th 
Nov., No. 14,412). The specification contains some 
points of interest; the patentee proposes " t.o replace 
sulphur by an ammonium salt, in combination with 
saltpeter in such proportions that on ignition potass
amide is formed-a compound which is volatile at high 
temperatures, and which increases the useful effect of 
the explosive, and burus without residue." In the 

* A paper recently <ead before the Society of Arts, London. From the 
JOI,rnal of the Society. ]'or an additional paper on same subject see 
SCIENTIFIC AMERICAN SUPPLEMENT, No. 406, 
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case of ammonium nitrate, he gives as the fundamental 
equation: 

KNO, + H.N. NO, + 30 = 
KH,N + H20 + 00 + 200, + 2N, 

according to which the amided powder would consist 
of 101 parts by weight of potassiulll nitrate, 80 parts of 
ammonium nitrate, and 40 parts of charcoal; and the 
explosive prepared in such proportions is stated by the 
patentee to leave very little, if any, residue when burn
ed, to produce no gases injurious to the �un, and much 
less imoke than ordinary gunpowder. He states that 
other ammonium salts than the nitrate may be used, 
keeping to Each proportions as to produce amide Oil 
explosion of the mixture. 

I have not, however, been able to find in chemical 
literature the volatility of a potassamide recorded, 
We have to go back to the time of Gay-Lussac and 
Thenard, and of Davy, for what information we have 
on the subject. They describe a monopotassamide, 
KH,N, and a tripotassamide or nitride of potassium, 
K.N, the latter formed by heating monopotassamide 
to redness in a closed vessel, 3KH.N = K,N + 2NH,. 
Davy says that it (the tripotas�amide, KaN) separates 
at a very high temperature into potassium and nitro
gen gas. 

Probably the valuable properties of such a powder 
as that proposed in this interesting specification could 
be explained on other grounds. 

In respect to the use of ammonium nitrate in gun
powder, but not in the saIlle direCltion as in the patent 
just referred to, I may mention that Dr. H. Sprengel, 
in 1873, observed that an increased initial velocity was 
imparted to a rifle bullet when a mixture of ammonium 
nitrate and charcoal was substituted for a portion of 
the gunpowder charge (Dr. Sprengel used sporting 
powder- JouT1wl Chemical Society, 1873, p. 805); 
and that the powder used in 1887, in the cartridge of 
the Swiss 7'5 111m. Hebler rifle had iths of the usual 
potassium nitrate replaced by ammonium nitrate 
(" Mittheilungen uber Gegenstande des Artillarie und 
Genie-Wesens," year 1888, p. 289). 

GUN COTTON. 

Since Sir Frederick Abel's method of treating gun 
cotton, by reducing it to pulp, thoroughly washing 
and mixing it in water by a paddle wheel, and subse
quently strongly compressing the pulp into cylinders, 
slabs, etc., by hydraulic pressure, comparatively little 
has been done in the manufacture and treatment of 
gun cotton. Von Forster and Wolff, in 1883, patented 
the treatment of moist or (ll'y gun cotton by immersion 
in a solvent, such as acetic ether or nitrobenzene. 
When a piece of compressed gun cotton is immersed 
for about half a minute in acetic ether, then exposed 
to the air to allow the solvent to evaporate, it becomes 
coat.ed with a thin but hard skin of dry gun cOttOIl. 
Von Forster proposed applying this to moist and to 
dry compressed gun cotton, to retain the water in the 
former case, and to exclude it in the latter, by a water
proof coating formed by gelatinizing the gun cotton by 
acetic ethel'. This coating was, however, found to 
ha ve minute cracks in it, so that he subsequently coat
ed his dry gun cotton primers externally with paraffin, 
the hole for the detonator alone being gelatinized by 
acetic ether (so as not to diminish its sensitiveness to 
detonation). In recent experiments with gun cotton 
shells in Germany and Italy, those forms of shell 
which had to be charged through their fuse hole were 
filled with log-shaped pieces of moist gun cotton (about 
1 to 2 inches long, with sides of 0'4 in. to 0'7 in.), sawn 
from wet compressed slabs, and which had been coated 
by dipping into acetic ether; the chamber of the shell 
was then filled with a mixture of eq ual weights of 
paraffin and carnauba wax, melt.ed, and at a tempera
ture of a.bout 180° Fah., poured in through the fuse 
hole. 

NITROG L YCERIN. 

In the preparation of nitroglycerin explosives, much 
has been done since 1875. The most noteworthy inven
tion in this important group of explosives has been Mr. 
N abel's blasting gelatin, introduced, I believe, in 1879. 
This well known explosive is composed of about 93 
parts by weight of nitroglycerin and 7 parts of nitro
cotton; the latter is less highly nitrated than gun cot
ton. The nitro-cotton is dissolved in the nitroglycerin 
contained in a copper vessel, and maintained at a 
temperature of 950 Fah. by means of warm water. 
The mixture is kept mechanically stirred during the 
heating; the nitro-cotton dissolves, and a mass of the 
consistence of thin dough is obtained, which stiffens 
on cooling. 

Here is a cartridge of blasting gelatin ot Ardeer 
make; it is a brownish yellow, semi-transparent, gela· 
tinous substance. Its specific gravity is but little less 
than that of nitroglycerin, which is 1'6. It does not 
break up nor part with its nitroglycerin when im
mersed in water, as does kieselguhr dynamite, which 
is a great advantage; it requires, however, a stronger 
detonator than thawed kieselguhr dynamite, and 
detonation is not propagated through a train of blast
ing gelatin cartridges freely exposed, as in the case of 
dynamite. Its power as an explosive is about half as 
great again as that of kieselguhr dynamite (of 75 per
cent. nitroglycerin), and where applicable there would 
be economy in its use, as compared with the latter 
explosive. 

Nitroglycerin contains more oxygen (3.52 per cent.) 
than is required for its complete combustion to car
bonie acid and water, while dinitrocellulose is deficient 
by 44'4 per cent. oxygen for complete combustion, so 
that blasting gelatin contains the amount of oxygen 
req uired for complete combustion. 

A cold process for gelatinizing nitroglycerin by 
means of collodion nitro-cotton was patented in 1887 
by the Deutsche Sprengstoff-.i1ctiengesellffchajt of Ham
burg (D.R.P., No. 42,452; Eng. pat., No. 2.318). The 
cold gelatinizing was to be effected by dissolving picric 
acid (up to about 10 per cent., the quantity depending 
on the quantity and quality of the nitro-cotton em
ployed, and the required con�istency of the jelly) in 
the nitroglycerin and adding to this solution finely 
powdered or ground collodion nitro-cotton, the gela
tinizing being assisted by frequent stirring. Pure 
tetranitrocellulose (probably what is generally called 
dinitrocellulose, C.H,(NO')20., is meant) is said to 
dissolve in two days. The proposed process is inter
esting, but it is questionable whether it is in actual 
use. 

Gelatin .Dynamite was introduced comparatively 

recently by Mr. Nobel. The No.1 grade consists of 65 \ coal dust, with fire damp a.lso present, he uses a mix
per cent. of a thin blasting gelatin and 35 per cent. of ture of blasting gelatin or gelatin dynamite with the hy
a combustible mixture; the No. 2 grade contains 4ii drous salts. Cfhe nitroglycerin may be partly replaced 
per cent. and 55 per cent. respectively. The gelatin by nitl'otoluene, nitrobenzene, or nitronaphthalene.) 
consists of 97' 5  per cent. of nitroglycerin and 2'5 per The hydrated salts are to contain at least five molecules 
cent. soluble nitro-cotton; the combustible mixture of of water of crystallization, and those more particularly 
potassium nitrate 75 per cent., wood meal 24 per cent., recommended are soda crystals (Na.CO.lOHO.) 01' 
sodium carbonate 1 per cent. Gelignite is a variety sodium SUlphate (Na.SO.lOH,O), or for u�e in warlll 
composed of 60 per cent. of a thin blasting gelatin (56'5 climates or warm places magnesium SUlphate (MgSO. 
per cent. nitroglycerin and 3'5 per cent. nitro cotton), 7H.0), as being less liable to lose its water. These 
32 per cent. potassium nitrate, and 8 per cent. wood salts contain respectively 62'9 per cent., 55 9 pel' cent., 
meal. 51'2 per cen t. of water of crystallization; they are to 

These are cartridges of gelatin dynamite and of gelig- be mixed in the state of powder with the explosive, in 
nite; they are elastic gelatinous substances, and will such proportion that the resulting compound �hall con
bear illlmersion in water without parting with their tain 15 to 65 per cent. of the hydrated salts. 'fhe mix
nitroglycerin. ture is made into cartridges. 'fhese preparations have 

Experiments of Sir Frederick Abel's give the power received the name of .. wetterdynamit," or fire·dam� 
(or intensity of action), when suitably detonated, of dynamite, and very promising results in respect to the 
gelatin dynamite, No. 1 grade, of recent Ardeer llIake, �afety for blasting in the presence of fire damp and 
as = 127, another experilllent gave 123, mean = 125. He coal dust, of soda dynamite containing 4U per cent.. to 
found the power of geli�nite to be 100; kieselguhr 45 per cent. soda crystals, have been obtained in Ger
dynamite, No. 1, of 75 per cent. nitroglycerin, from the many, and the subject is under experimental examina-
same source being = 100. tion by Sir Frederick Abel. 

I will digress to mention that these estimations of The French Committee {"In Explosives have this year 
intensity of action were m ade by detonating an ounce obtained favorable results in experiments at Sevran
of the explosives (or 1% oz. in some cases) in the bore Livry with mixtures of equal weights of dynamite and 
hole of a large cylinder of soft lead. Sir Frederick soda crystals, or sodium SUlphate, or ammonia alum, or 
Abel has used the method since 1878, employing large of ammonium chloride, none of which when detonated 
cylinders 12 inches high and 12 inches in diameter, in an explosive gaseous mixture caused it to explode. 
having a central cylindrical hole, 7 inches deep and 1'3 They state that only those explosives the temperature 
inches in diameter. A 1 oz. gun cotton primer just fits of the products of detonation of which exceeds 2,200° C. 
the hole; explosives of the consistence of dynamite are (3,992°F.) are able to flause the explosion of fire damp. 
compressed in it by means of a wooden rammer; cast The temperature given on detonation by ordinary 
or compressed charg-es are filed to fit the hole. The dynamite they state to be 2,940° C. (5.3240 F.), by 
cylinder is made to stand on a wrought iron plate, the nitroglycerin 3,170' C. (5,738C F.), by gun cotton 2,636° 
explosive placed in the charge hole, and suitahly pro- C. (4.7770 F.) Mallard and Le Chatelier (Comptes 
vided with a fulminate of mercury detonator, or with Rendus, evii., pp. 96-99) obtained good results with a 
fulminate detonator and intermediate priming. such as mixture of 20 per cent. of dynamite, or nitroglycerin, or 
may be necessary to obtain the maximum effect; the gun cotton, with 80 per ceut. ammoniulll nitrate; the 
charge hole is then filled with fine dry sand, poured in ammonium nitrate lowering the temperature, that of 
(not compressed) and around the insulated wires in the its detonation products being estimated at 1,130" C. 
usual case of the charge being fired electrically. There (2,066° F.) 
is usually a column of about six inches of sand. 'fhe In concluding this part of my �ubject, it may b e  
detonation o f  an explosive susceptible o f  i t  takes place mentioned that t o  obtain safe explosives f o r  coal blast
with great rapidity, so that the amount of enlarge- ing, Kubin and Siersch have patented the mixing of 
ment of the charge hole (ascertained by measurement 20 to 50 per cent. of ammonium chloride or SUlphate, or 
wi th water before and after the explosion) gives a meas- of both with dynamite, etc. (Eng. pat., March 10, 1888, 
ure of the combined effect of the pressure produced by No. 3,759); Kuhnt and Deissler, the mixing of 60 per 
the detonation of the explosive and of its rate of cent. ammonium carbonate with 40 per cent. of dyna
detonation. In the case of a very inert explosive need- mite (Eng. pat., April 21, 1888, No. 5,949); and that 
ing strong confinement, a shell would be charged with Schoneweg, with the same object, uses oxalic acid, or 
it, buried in earth, and detonated electrically, and the potassium, sodium, or ammonium oxalates, in an an
crater produced measured; or the shell detonated in a nular case external to the explosive, which may be hi� 
suitable cell, and the number and weight of the frag· .. securite," or other explosive. 
ments noted, comparative experiments with gun cot· 
ton or dynamite being made in these cases, as in that 
of the lead cylinders. 

Cm'bo-dynamite is an explosive, the invention of 
Messrs. Borland and Reid, and patented by Mr. W. D. 
Borland in 1886 (January 18, No. 758), in which the 
nitroglycerin is absorbed by cork charcoal. From the 
statements made, the cork charcoal appears to have 
remarkable absorbing power. The patentee recoIll
mends the material obtained by incorporating about 
eight parts (by weight) of nitroglycerin with about one 
part (by weight) of cork charcoal, as convenient of 
manipulation. It is stated that no nitroglycerin is 
separated from this preparation by immersion in water 
for several months. I have arranged here cylinders of 
water, in which are suspended tubes open at both ends, 
containing kieselguhr dynamite, blasting gelatin, gela
tin dynamite, and carbo·dynamite, showing the reten
tion of the nitroglycerin by the last three, and the 
breaking up of the tirst named explosive. An account 
is given in Engineering of April 20, 1888, of some 
experiments with carbo-dynamite, from one of which
comparative detonations in lead cylinders (on a smaller 
scale than in the experiments referred to above) of car
bo-dynamite and ordinary kieselguhr dynamite-the 
carbo·dynamite used (stated to contain 90 per cent. nitro
glycerin) gave a result lluch as would have been given 
by blasting gelatin, which explosive it resembles in its 
high percentage of nitroglycerin, but from which it 
differs by its other constituent being non-explosive, and 
by its being deficient in oxygen for complete combus
tion into carbonic acid and water. Mr. Borland also 
claims that the addition of 3 per cent. cork charcoal to 
kieselguhr dynamite (of 75 per cent. nitroglycerin) 
enables the preparation to bear immersion in water 
without parting with its nitroglycerin. 

Further, the inventor claims that by incorporating 
carbo-dynamite (by kneading) with one-fourth of its 
weight of water, a dynamite is produced which is un
inflammable, but which can be exploded by a suitable 
detonator; also that under these circumstances the 
product so obtained detonates without flame, render
ing it a safe explosive for use in coal mines. 

Mr. Nobel's gelatinous nitroglycerin preparations are 
said to be replacing kieselghur dynamite. They are 
largely used in coal getting in conjunction with an en
velope of water, forming the" water cartridge." The 
object of using an envelope of water is the suppression 
of flame or sparks from the explosive itself, and the 
prevention of the heating to incandescence of particles 
of the tamping employed, or from the sides of the bore
hole. This use of a water envelope with a high ex
plosive is due to Sir Frederick Abel; he had in 1873 
used water as the medium for conveniently transmit
ting and causing to act on a considerable surface the 
pressure caused by the detonation of small charges of 
explosive, and subsequently (ill 1880-81), with Mr. Smeth-. 
urst, he made the extinguishing action of a water 
envelope the subject of experiment in collieries near 
Wigan. The results obtained then, and afterward, for 
the late Royal Commission on Accidents in Mines, 
those made by the Prussian and Saxon commissions, 
and the experience obtained in collieries where a 
" water cartridge" is used with gelatin-dynamite as the 
explosive, justify confidence in the safety given to coal 
blasting by the suitable use of a water envelope round 
the explosive (the volume of the water must be at least 
four times that of the explosive), especially when the 
latter is of the gelatin dynamite type; the charge be· 
ing fired electrica.lly, or by other safe means. 

E. D. Muller has patented (Eng. pat., Sept. 13, 1887, 
No. 12,424) the mixing of salts containing a large 
amount of water of crystallization with ordinary nitro
glycerin explosives; with a kieselguhr dynamite, or a 
dynamite with a combustible absorbent (e. g., wood 
meal and a. nitrate); or for hard coal and inflammable 
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Panclastite and Hellhoffite-Panclastite was patented 
by Mr. E. Turpin, in 1881 (Eng. pat .. Oct. 18, 1888, No. 
4,544), the subject matter of the specification being the 
manufacture and applications of hypo nitric anhydride, 
or nitrogen tetroxide, NO.. This was to be prepared 
by strongly heating lead nitrate-a method of prepara
tion due to Gay-Lussac. When this salt is strongly 
heated, there is produced (as you will see) dark brown 
gas, consisting of ni t rogen tetroxide and oxygen. The 
reaction is expressed th us : 

Pb (N.O.). = PbO + N20. + o. 
(For the sake of simplicity I speak of the gas at higher 
and lower temperatures as N.O •. ) The gas was to be 
condensed in enameled cast iron condensers, main
tained at freezing point. The nitrogen tetroxide 
solidifies at - 10°C. (+140 F.) (Deville and Troost), melts 
at - 10° to _9° O' to a liquid, which at our ordinary 
rOOII). temperatures is of orange yellow color, boils at 
220 C. (720 F.), and gives off at ordinary temperatures 
suffocating and irrespirable vapors. 

Turpin (loc. cit.) proposed the preparation of an ex· 
plosive which he called panclastite lof obvious etymol· 
ogy, from nar and J£itQGJ, breaking everything), by mix
ing carbon disulphide with nitrogen tetroxide, which 
are mutually soluble. He states that the maximum 
power is obtained from a mixture of equal quantities 
of the two constituents. Whether equal weights are 
intended, or equal volumes (when the weight relation 
would be 1 part by weight CS, and 1'14 parts byi 
weight N.O.), the proportions recommended would beL 
considerably deficient in oxygen even for the formation 
of carbon monoxide and sulphur dioxide, for: 4CS2 + 
5N.0. = 4CO + 8S0, + 10 N; and if the reaction pro
ceeded in that way, 1 lb. carbon disulphide would, re
quire 1'51 lb. of nitrogen tetroxide; while for the higher 
oxidation 2CS2 + 3N.0. = 2CO. + 4S0. + 6N, 1 lb. 
disulphide would require 1'82 lb. of N204• The mix· 
ture was to be detonated by fulminate of mercury or 
by a charge of fine gunpowder. 

I have no personal experience of this preparation, 
but it is stated to be a powerful explosive. 

Dr. Sprengel has pointed out (loc. cit.) that nitric 
anhydride, nitrogen tetroxide, and nitric acid head 
the list of oxidizing compounds, containing respectively 
74'1 per cent., 69'6 per cent., 63'5 per cent. of oxygen 
available for the oxidation of other substances. Nitric 
anhydride is at present, however, only a chemical 
curiosity, and is difficult and costly to pr<lpare; so 
that of procurable compounds nitrogen tetroxide con
tains most available oxygen. It has the advantage also, 
as Berthelot has pointed out, of its formation being 
attended wi th scarcely any loss of energy; its heat of 
formation being for the liquid state only + 1'7 kilo
gramme degree C. per 46 grammes (NO.), while that of 
liquid nitric acid (froUl nitrogen, oxygen, and wate?') is 
higher, being + 7'1 kilogram me degrees C. per HNO, 
(which becomes + 7'8 heat units for the same quantity 
of available oxygen as in nitrogen tetroxide, and in 
addition there would be absorption of heat in gasify
ing the dead weight of combined water). 

The use of this explosive for blasting in mines can 
hardly have been contemplated, as the presence of 
sulphurous acid in the gases would render the air un
breathable. Mr. Turpin has also proposed as explosives 
mixtures of nitrogen tetroxide with benzene, petroleulll, 
and other substances. 

Dr. Sprengel, writing in 1886, states that at that time 
nitrogen tetroxide was a commercial article, in price 
about eighteen pence per lb., and that it was sent 
about in France in tinned cans. (Chemical News, Feb. 
26, 1880, D. 100.) 

The use of these nitrogen tetroxide explosive mix
tures appears, however, to be at present at a stand
still. 
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Hellhoffite is one of Dr. Sprengel's nitric acid explo
sives, which was reintroduced by Hellhoff, of Berlin. 
It consists of 1 part by weight of dinitrobenzene and 
1'5 part by weight nitric acid, or of 1 part nitrobenzene 
and 2'5 parts nitric acid ; these are the calculated pro
portions for complete oxidation, viz. : 

C6H.(NO')2 = 6CO,+2H,0 + 2N - 100. 
'l'hat is, dinitrobenzene is 95'24 per cent. deficient in 
, .xygen for complete oxidation to carbon dioxide and 
water, and requires 1'5 times its weight of absolute 
nitric acid to su pply the deficiency; and, similarly, ni
trobenzene, C.H,NO" is 162'6 per cent. deficient in oxy
gen for complete com bustion, and requires 2 '56 times 
its weight of lJ itric acid. The dinitrobenzene is a crys
talline solid ; that most usually met with is called me
tadinitrobellzene, and is one of three dinitrobenzenes 
(it is the one obtained most abundantly on heating mo
nonitrobenzene with mixecJ nitric and sulphuric acids) 
having the same percentage composition but different 
melting points, and other differences in their proper
ties. 'I'he dinitrobenzene dissolves readily in the nitric 
acid, with considerable fall of temperature; the m ono
nitrobenzene dissolves with considerable rise of tem
perature. In the former case there is the absorption 
of heat which would attend the solution of any solid 
in a liquid solvent which had no chemical action upon 
it ; in the latter case there is rise of temperature, 
caused by chell1ical action. I should have mentioned 
that the nitric acid used is of 1'5 specific gravity (nearly 
absolute nitric acid). I shall be able to show the fall 
and rise of temperature in the respective cases, by 
means of t his air thermometer arrangement, the air 
bulb being iml Uersed in the nitric acid, to which we 
will add the dinitrobenzene in the first experiment, and, 
to an equal quantity, the mononitrobenzene in the sec
ond. 'rhe contraction and the expansion of the air in 
the bulb are made visible by the changeof level in op
posite directions of the colored indicating liquid. 

Suitably primed, the dinitrobenzene nitric acid so
lution is a very powerful explosive. In experiments of 
Sir Frederick Abel's, in 1883, in which the solution 
mentioned was contained in a strong and closed iron 
vessel, which was buried in earth, and detonated elec
trically, effects were produced which approached (but 
were rather below) those produced by blasting gela
tin under similar circumstances. It has been pro
posed for a special military use. For blasting in mines, 
there would be very serious inconveniences attending 
the use of nitl'ogen tetroxide or nitric acid explosive 
mixtures. 

I have spoken of these explosives, using the names 
" panclastite " and .. hellhoffite," under which they 
have been written about, and in connection with which 
you might desire information, but the invention of 
these explosives is due to Dr. Sprengel. Thus, in 1873, 
in his well-known and highly suggestive paper, " On a 
New Class of Explosives," etc. (Journal Chemical So
ciety, 1873, pp. 796-808), he covers the general principle 
by his statement tha.t a variety of organic substances 
dissolved in nitric acid of about 1'5 specific gravity ex
plode by detonation. He experimented with the nitro
benzene llIixture, and stated that it c()uld be detonat.ed 
with in tense violence by the explosion in it of a fulmi
nate of mercury detonator; and remarked that dinitro
benzene added to nitric acid would probably lower the 
temperature. He pointed oUL the high position of ni
trogen tetroxide as an oxidizer, but as it was not then an 
article of commerce, turned to the use of nitric acid as 
the highest in value of procurable oxidizers. 

Favier's Exp losive, Bellite, Securite.-These three 
explosives may be conveniently mentioned together; 
they are a kind of Sprengel explosive, with ammonium 
nitrate taking the place of the nitric acid. A solid, 
non-corrosive product is thus produced. The avail
able oxygen in ammonium nitrate is low, for here the 
base is combustible; the decomposition, NH.NO.= 
2N + 2H.O+0, corresponds to an available 20 per cent. 
oxygen in the nitrate. Hence the quantities of am
monium nitrate have to be large, and a comparath'ely 
inert explosive (req uiring a considerable amount of 
priming) is produced; for, although Berthelot shows 
that the decomposition equated above is accompanied 
by considerable evolution of heat, yet the particles of 
oxidizer and fuel are comparatively far apart com pared 
with the constituent atoms of an explosive chemical 
compound, or with the molecules of an explosive solu
tion like the so-called hellhoffite. 

Favier's Exp losive is of Belgian origin, patented by 
P.. A. Favier (his French patent bears date July 21, 
1883), and is said to consist of nitrates, mixed with 
paraffin, resin, or preferably nitronaphthalene. He 
recOln!nends the following mixtures : 100 parts by 
weight ammonium nitrate, 5'75 parts paraffin, or 7'12 
parts resin, or 9'02 parts nitronaphthalene; or 100 parts 
sodium nitrate, 9 '26 parts paraffin, 1 3 '40 parts resin, or 
18'93 parts nitronaphthalene. The ingredients to be 
llIixed and kneaded warm, and warm pressed; the car
tridges to be coated with lac or resin by use of a suit
able solution. It is stated that the explosive req uires 
a priming of about 20 per cent. of dynamite, gun cot
ton, or similar substance, placed in a cavity in the 
pressed cartridge. 

Bellite was introduced by C. Lamm, of Stockholm, 
and patented in this country in 1885 (Eng. pat. Nov. 10, 
1885, No. 13, 690). He proposed to mix a nitrate with an 
aromatic nitro-compound (such as dinitrobenzene, tri
nitronaphthalene, or nitrotoluene), the mixing being 
e ffected in a drum heated by steam from 50° to 100° C. 
(122' to 212° F'.), the nitro-compound melting and coat
iug the particles of nit.rate, cartridges being pressed 
while the mixture is warm. It may be noticed that, 
according to recent descriptions, the three trini tro
naphthalenes which have been obtained all melt above 
100' C. The dinitrobenzene usually obtained (the meta
modification), when pure, melts at 89' C. (192° F.). the 
commercial article at about 86' C. (187' F.) Here 
is some of it; we shall see that it readily melts in a 
test tube placed in nearly boiling water. 

Mr. Lamm, in the specification referred to, recom
mended the use of mixtures of potassium nitrate with 
dinitrobenzene, or with trinitronaphthalene, in such 
proportion as to oxidize the carbon to carbon monoxide; 
or. if considered advisable, the amount of nitrate 
might be increased to the proportion required for com
plete oxidation. 

Bellite is stated by the Revue d'A1·tillerie (of May, 
1881) to produce its maximum effect when consisting of 
15 per cent. dinitrobenzene and 85 per cent. ammo
nium nitrate (which is more nitrate than is required 

for complete combustion). Some trials of bellite have 
been quite recently (N ovem ber, 1888) made in iron
stone mines in the Cleveland district, and results ob
tained favorable to the use of bellite for blasting some 
kinds of mineraL The bellite used is said to have con
sisted of one part of dinitrobenzene and five parts of 
ammonium nitrate (this is about the proportion-
1 : 4'76-for total combustion to CO. and H20). From 
the experiments described (Engineering, Nov. 9, 1888, 
p. 462), bellite seems capable of doing a large amount 
of total work, its action extending over a wide range, 
but its rate of detonation would seem to be compara
tively slow. There are, of course, applications for 
which this comparative slowness would be valuable. 

I have gone into some detail about bellite, because it 
m ay be taken as a type of these nitrate of ammonia ex
plosives, and there is llIore experimental detaii to hand 
about it than about some of the others. 

I cannot do more than mention the very similar 
secnr ite, patented by H. Schoneweg (Eng. pat.,  May 18, 
1886, No. 6, 664). His proposal to use oxalic acid, or 
oxalates, in combination with securite, or other explo
sives, to obtain an e xplosive said to be flame less, has 
already been mentioned. 

I must mention the relll aining explosives rather hur
riedly, and with less detail than I should have wished, 
and first : Roburite, which was patented in 1 886, by Dr. 
E. Roth (German pat., D.R.P.,  No. 39, 511, April 20, 
1886. E ng. pat., provisional specification, July 14, 
1886, No. 9, 766; complete specification, Feb. 21, 1887, 
No. 2,679), and which has this interesting point of dif
ference from the explosives just mentioned, that chlor
inated nitro-derivatives of aromatic hydrocarbons, or 
phenols, are employed in admixture with a nitrate. I n  
his provisional specification, Roth states that he has 
proved, by numerous experiments, that (in roburite) 
the dynamic effect is conSiderably increased by the use 
of chloro-nitro compounds, probably (he states) in con
sequence of the increase in the volume of gas produ�ed. 
He gives six examples of the commercial preparation 
of these chi oro-nitro compounds, and states (in effect) 
that they are to be mixed, according to the carbon and 
hydrogen present, with about 2 to 3 ' 5  parts of a nitrate, 
the mixture to be detonated by means of fulminate of 
mercury. 

The roburite actually in use i s, I believe, a mixture 
of chlorinted dinitrobenzene with ammonium nitrate. 
From the accounts given of the use of roburite, there 
appears to be a useful field for it in coal blasting, for 
which application the claim of safety is made. 

Romite (the name prohably from 'po.1J.l.'1. strength) is an 
explosive patented by R. SJoberg, of Stockholm (Eng. 
pat. Jan. 11, 1887, No. 448, and Aug. 27, 1887, No. 11,658); 
and, in the latter specifi cation, stated to be prepared 
from ammonium nitrate, which is mixed with a solid, 
melted hydrocarbon (naphthaLene, paraffin, and the 
like), and gelatinized by paraffin oil, together with pure 
or similarly gelatinized potassiulll chlorate, for which 
latter salt a crude nitrolactin (nitro milk sugar) may be 
substituted. In actual practice, I believe that romite 
consists of ammonium nitrate, naphthalene or nitro
naphthalene, and paraffin oil; to be mixed with potas
sium chlorate or with nitrolactin at the place where it 
is to be used. 

Kinetite (the name no doubt from }{ly/w, " I  move ") 
was patented by T. Pet.rey and O. Fallenstein (th eir 
English patent i s  No. 10, 936, August 6, 1884). As de
scribed in their specification, kinetite is made by dis
solving gun cotton in nitrobenzene, or other liquid 
benzene or benzenoid nitro compound; the jelly thus 
formed is mixed, by kneading, with finely powdered 
potassium chlorate or nitrate (or other metallic chlorate 
and nitrate), sulphur in the free state, or as sulphide, is 
added, and the whole well kneaded. The proportions 
proposed were 16 to 21 per cent. of the aromatic nitro
compound, % to 1 per cent. of gun cotton orother form 
of nitrocellulose (these two constituents forming a 5 
per cent. gun cotto II jelly), 82M per cent. to 75 per cent. 
of alkaline chlorateR and nitrates, 1 per cent. to 3 per 
cent. of sulphur as antimony pentasulphide. 

In actual use, I believe, the proportion of potassium 
nitrate to chlorate is small. Subsequently, at least in 
the kinetite for use in this country, the pentasulphide 
of antimony was omitted for the sake of increased 
safety. Dr. Dupre found it to be too sensitive to con
cussion, and I believe I am correct in stating that it 
has not up to the present been licensed in this country. 
From the statements made about it, kinetite appears 
to need for its use & powerful detonator and confine
ment. 

The solvent action of nitrobenzene toward gun cot
ton, even in the cold, is remarkable. Here is a 5 per 
cent. gun cotton jelly, the gun cotton was added as 
yarn to the nitrobenzene about an hour since. The 
former too is mainly trinitrocotton. 

Rackarock is one of Dr. Sprengel's potassium chlorate 
explosives, described in 1873 in his paper, to which I 
have frequently referred. It received the name of 
rackarock in the United States, where it was used in 
1885 for the blasting of Flood Rock, Hellgate, which 
had always been a source of dA.nger to vessels entering 
New York Harbor. It consists of a nitrobenzene ab
sorbed in, or mixed with, powdered potassium chlorate. 
Nitrobenzene requires additional oxygen to the amount 
of 162 '6 per cent. of its weight to be supplied to it for 
its complete combustion to CO. and H,O ; the follow
ing equation for its complete combustion by potassium 
chlorate, 6C.H.NO. + 25KClO. = 36C02+15H.0 +6N 
+25KCl, requires a mixture of the chlorate and nitro
benzene containing 19'4 per cent. of the latter. 

General Abbot (United States Engineers) experiment
ed with a number of mixtures with varying proportions 
of the two constituents; they were hand mixed, and 
detonated under water, the charges being loosely com
pacted in tin cans. The intensity of action of the mix
tures was found by the compression of the lead " crush
ers " of his well known " ring apparatus ;" the greatest 
effect was produced by the mixture of 21 per cent. nitro
benzene with 79 per cent. potassium chlorate. This is 
a close approach to the calculated proportion (19'4 per 
cent.) just given. The intensity of action of rackarock 
(the 21 per cent. mixture) detonated under water in a 
thin case (a tin can) General Abbot found to be a bout 
108; kieselghur dynamite No. 1 (containing 7fi per cent. 
of nitroglycerin) being = 100. (General Abbot, Adden
dun, III. to his Report.) For the blasting of Flood 
Rock, 107 tons of rackR.rock and 300 tons of dynamite 
were employed. The rackarock was used in 6 lb. cart
ridges, into each of which a priming cartridli\'e was in
serted : in the dynamite cartridge W8.S a thlO copper 
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shell, containing fulminate of mercury. The rack arock. 
cartridges were not fired electrically, but by the shock 
(or by the " sympathetic explosion") of separate electri
cally fired dynamit:e cartridges. Time fails me to give 
more details of this interesting operation, which was 
most successfully carried out by the U nited States Corps 
of Engineers on October 10, 1885. Rackarock has Illso 
been used in another important civil engineering work, 
the making of the Vosburg Tunnel, in Pennsylvania. 
The tunnel, which is a long one (3. 902 feet long), wa� 
commenced in 1883 and finished in 1886 ; rackarock was 
used in the headings and Atlas powder for the remain
ing portion of the work. 

Mr. W. n. Borland proposes to add about 5 per cent. 
of his cork charcoal to tbis explosive. He claims that it 
makes the mixture plastic, and increases the rapidity 
of detonation. (See his carbos-dynamite specification.) 

Picric Acid.-The fact that picric acid may be deto
nated by means of fulminate of mercury was first 
recorded by Dr. Sprengel in 1873 {see his paper of that 
year, " Journal of the Chelllical Society," p. 803). He 
remarks that it is a powerful explosive when fired by a 
detonator. 

The use of picric acid (without any admixture of oxi
dizer) has been patented by E. Turpin (Eng. pat., 1885, 
Dec. 8, No. 15, 089), its use in the fused state, or agglom
erated by collodion and moulded, being especially 
recommended. He proposes the use of a detonator 
containing 1 ' 5  gramme (about 23 grains) of ful minate of 
mercury as answering well for picric acid in dry pow
der, but for cast or agglomerated picric acid uses an 
intermediate priming of picric acid in powder. 

Picric acid is a powerful explosive, and the high 
specific gravity of the cast acid (1' 6 to 1 '7)  gives it an 
advantage when comparison has to be made by vo lume. 

Commercial picric acid melts at about 119' C. (246° F.) 
Here is a small quantity (an ounce or two) melted by 
means of a suitable bath of liquid. In the melted state 
the acid is a yellow liquid. We will make a cylinder 
of it by pouring it into this mould. 

T-he acid heated by itself burns with a smoky flame. 
It has long been known that potassi um picrate, lead 
picrate, and other picrates would detonate on heating. 
Dr. Dupre made the interesting observation that a 
mixture of two parts by weight litharge (oxide of lead) 
with one part picric acid detonates violently when 
heated. I will heat one grain of this mixture on this 
piece of tin plate, and this quantity wil l be suffillient to 
give a very sharp explosion. The very serious explo
sion which occurred at Messrs. Roberts, Dale & Co.'s 
works at Corn brook, near Manchester, was considered 
by Colonel Majendie to ha ve been caused by the detona
tion of such a litharge and picric acid mixture, made 
by the flowing of the mel ted acid into the l itharge 
present in the same room. For details of experiments 
conducted for the home office by Dr. Dupre and Colonel 
Majendie, in association with Sir Frederick Abel, I 
must refer to Colonel Majendie's report, dated Aug. 
15, 1887. 

I will concl ude with the mention of a?nmonio-nitrate 
of cop per, 4NH3, Cu(NO,)., which has been proposed 
and patented, as an explosive, by Mr. A. Nobel (Eng. 
pat., Dec. 8, 1887, No. 16, 920). He states that, while 
this chemical compound has long been known, it has 
never been understood to possess explosive properties, 
but he finds that it can be exploded by a fulminate de
tonator, and that it is capable of exercising very great 
power, and gives a very short flame of comparatively 
low temperature. The explosion must result from the 
oxidation of N H  by the nitrate of copper. The H and 
o are in the proportion for complete combustion. 

I may mention, however, that it is on record that the 
ammonio-nitrate and the double nitrate of copper and 
ammonium (Cu(NO,J,. 2NH,N03) explode when heated. 

DISCUSSION. 

The chairman said the subject treated in this paper 
was 'a vast one, and, in fact, in no branch of s�ience 
had greater strides been made, within a comparatively 
small n um ber of years. For fifteen years after gun 
cotton and nitroglycerin were discovered by Schonbein 
and by Sobrero, very little use was made of those sub
stances, and not until scientific investigation w as 
brought to bear on their behaviour as expl osives did 
their practical application develop. Since, however, 
we learned how to use these materials in various forllls, 
other important chemical compounds had come into 
practical use, the employment of which a few years 
ago was scarcely dreamed of. Substances which, in 
some instances, were nothing more than chemical curi
osities, were now in extensive use. Some of thpse were 
applied to important industrial purposes, quite distinct 
from their properties as explosives. For example, pic
ric acid had been long used as an important coloring 
matter. In some instances such materials were al ready 
used on a large scale as explosiveR; in others, only to 
such an extent as to give promise for the future. 

Mr. Reid asked what was the particular advantage 
which had been derived from Von Forster's method of 
waterproofing gun cotton . It was perfectly capable of 
being detonated in the wet state, and, therefore, he 
did not see the ad vantage of waterproofing it. 

Mr. Deering said he was not aware of any advantage, 
and he understood that Von Forster had himself re
turned to the method of coating primers with paraffin, 
only gelatinizing the hole for the detonator with acetic 
ether. He had mentioned several things in the paper 
without intending to recommend them, but simply as 
matters on which information might be desired, and 
this was one of the most striking propositions which 
had been made with regard to gun cotton. 

Mr. Bloxam asked if any information could be given 
with regard to smokeless powder. 

Mr. Deering said he had not touched on the subject 
for more than one reason. It was rather a delicate 
subject to deal with, being still under consideration 
and experiment, and he had quite as much matter as 
he could deal with apart from it. Most smokeless 
powders were either gun cotton treated in some par
ticular way or some form of nitrocellulose. 

Mr. Price Edwards said he had hoped to obta.in some 
information on one or two practical points, particular
ly as to the best kind of explosive to use for particular 
descriptions of work. He had not been able to find 
any definite statement as to the rel ath'e strengths of 
different materials, nor how they could be measured, 
which information would be very useful to many per
sons. He should also be glad to know if there were 
any explosives which were specially safe when stored; 
he knew that some were very dangerous to keep and 
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manipulate, while others were much safer to handle. have not always been well' solved. It is not a difficult 
Another very important point was as to the use of ex- matter to arrange a few leaders for receiving the roof 
plosives under water. He had been told that the best water of a building; but from mistaken economy, or 
or one of the btlst ways was to put the explosive in India from lack of knowledge or of forethought in the mat
rubber bags, and he should be glad of any information 

I 
tel', they often prove inefficient when most needed, and 

on that point. It was often used in this way for the are a constant source of trouble and expense. 
purpose of destroying wrecks or submarine obstruc- Their size, which is commonly determined by experi
tious, and in such cases it was often desirable to have I ence and judgment, and not by calculation, ranges in 
a substance which would produce its maximum effect diameter frolll two to six inches. Two-inch pipes are 
m a downward direction, but he believed this was often too small to serve to advantage as main leaders on al
producea by the superincumbent weight of water. most any building, being easily choked. 'l'hree-inch 
Lastly, he would say that as explosives were often re- and four-inch pipes are suitable and cOlllmon sizes for 
quirea for making fog sfgn:tls, it was desirable to know ordinary dwellings and small commercial buildings. 
which was the b'3st for that purpose, and the one which 'rhe five-inch and six-inch sizes find employment on 
would produce the most intense sound wave. large structures. 

Mr. Deering said he had referred in his paper to the The Produce Exchange building, in New York City, 
use of a massive lead cylinder, by the deton ation of ex- with a roof area of three-quarters of an acre, roughly 
plosives in which Sir Frederick and others had gained speaking, has twelve leaders, of about five inches dia
very valuable information as to the comparative intens- meter. The roof, which is paved with fire bricks, is 
ity of action of different explosives. With regard to graded with slopes of perhaps 1 in 50 toward the points 
the use of explosives under water, General Abbot's at which the leader openings are placed, most of these 
well-known work on the use of explosives for harbor draining surfaces of about 40 X 70 feet each. The pro
defense contained a table showing the energy exerted vision here made is equi valent to about one square inch 
by different materials used in 35 1 b. charges, as meas- of leader opening to 140 square feet of roof surface. On 
ured by the compression of small lead cylinders. The the Sloane building, at Nineteenth Street and Broad
method of measuring the intensity of the force must way, with a roof area of 18.000 or 20,000 square feet 
depend on the work in hand. For rock blasting, if the sloping 1 in 25, there are two leaders of about six inches 
seams were pretty homogeneous, one would measure the diameter and a third rectangular, four inches by six 
cubic yards of rock blasted per unit of weight of the inches. This gives an allowance of 240 square feet of 
explosi ve used. surface to the square inch of ·leader opening, while 

Damp gUll cotton was probably the safest explosive on the Massachusetts Hospital Life Insurance Co.'s 
of any; it could be stored in the wet state, and could building, and the Hemenway building, in Boston, the 
be detonated at any time by a dry primer. An India proportion is only from 60 to 70 square feet to the 
rubber bag would answer very well for use under water square inch of opening. 
with a sharp explosive in superficial contact with the 
timbers of a wreck. General Abbot's tables showed 
that the intensity was rather greater, in most cases, in 
a vertical direction upward, and was less than either 
horizontally or downward. As a good material for 
sOlInd signals, there was gun cotton and tonite; he 

Approximate ·Approximate 

Roof Surfacc. S11l'face per 
sq. in. of J�cad

er Opening. 

should think for such purpose the sharper the rate of 
detonation, the better. He did not think there was Produce Ex
anything purchasable better than gun cotton, or pre- c h a n  g e 
parations of it, which would include tonite. b u i 1 d i ng, 

The chairman said he would add a word or two to New York . 33,000 sq. ft. 
snpplement MI'. Deering's reply to Mr. Price Ed wards. Sloanebuild. 
The application of explosi ves to fog signals was made i n g, N e w  

140 sq. ft. Twelve 5" leaders. 

the subject of a very careful inquiry by the Trinity york . . . . . .  19, 000 " 
Hou se, with Dr. Tyndall as collaborateur, and a very 
large number of experiments was carried on with gun
powder used in various ways and with gun cotton in 
various forms. As the broad result of these experi
ments, it was found that preparations of gun cotton, 
such as nitrated gun cotton, or tonite and potentite, 
gave the best penetrating sound, capable of being trans
mitted to considerable distances, even under sOllie what 
unfavorable conditions. The fog signals now general
ly used were made of either compressed or nitrated gun 

240 Two 6" leaders, 
and one 4" X 6". 

Mass. Hospi
tal Ins. Co. 
b u i l d ip g ,  
Boston . . . .  

H e  m enway 
b u i l d i n g ,  
Boston . . . . .  

6,000 

4,000 " 

70 Seven 4" leaders. 

60 Five 4" leaders. 

cotton. India rubber bags had been largely used for 
some time past by the Royal Engi neers in submarine �Vhether a roof slope st�eply or gently, there is '!- cer
operations. and had proved thoroughly efficient. There �am amount �f water falling per second or per mmute 
was no difficulty in getting them to withstand the water m storms, whIch m ust .be rewoved ; but I h:.l.ve learned 
pressure, and in applying them very readily so as to 

I 
of no generally. r�coglll�ed rule among archl tec.ts as to 

bring the explosive agent into as advantageous a posi- the lead�r prov�slOn whICh should be made for It. 
tion as possible for action at considerable depths. There A vertical. ram leader dnes not, of course: run f.ull 
were many topics in the paper which had been scarce- bore, even III the ha.rde�t storms, and yet, If carned 
Iy touched upon, which would have furnished matter down from �he .roof Wlt� Its course .unbroken by sharp 
for interesting discussion, and one could but regret ?ends, and If. given a sUlta�)�e opem�l g  a.t tile top, there 
that so short a time could be given to so interesting a IS probably httle danger of ItS provmg madequate. It 
subject. is ve,ry c�mmon, h?wever, �o �n.troduce abr.upt changes 

The question of smokeless powders, for example, had of t,il l'ectlOn to S�llt pecul�al'ltles of �rch�tecture,. by 
not been at all dealt with. He might observe that the whICh t�e ?�rrymg cap:;tClty of the pipe IS. curtaIi�d, 
new sporting powders which were so well known were �nd the h::blhty of chokmg by. leaves, rubbIsh, and ICe 
the parents of many of the sillokeless powders which IS greatly mcreased. On a busmess block on Sudbury 
had been brought out of late years. Such powders Street, in Boston, may be seen a rain leader which 
were now no longer a secret, for patents had been pub- within a few feet of the point . of leaving the gutter 
Iished with regard to them. The great difficulty was lI�ake� four abr�pt and nearly rlght:angled cha�l g�s of 
to manufacture them by simple processes on a large directIOn. It :VIli freCIuently be �otlCed 011 bUildmgs. 
scale so as to secure the u niform attainment of high also, that the llnmedlate connectIon between the gut
velodities and at the same time the development of tel' and a four-inch leader. of ample capacity is effected 
only moderate pressures. Many mfln of great ability by a very m�ch s�l all�r pipe of lea�. . . 
were working at this subject, and he had no doubt In connectIOn WIth I mport.ant b�lld.mgs there IS . per
that for many purposes, for small arms especially, there haps more. need of �autlO.n. III deslgmng . the dram of 
would be before long comparatively smokeless powde,rs, SUitable sIze than l.n fiXlllg upon the, size of leaders. 
upon which perfect reliance could be placed, both WIth Formerly h?use drams were made en.tl rely too large
regard to stability and to certainty and uniformity of an error whIch has come to be recogmzed, and has led 
action. to the practice of using comparatively small sizes. 

These are advantageous for procuring an effective 
scour of thfl pipes by the slight flow of ordinary house 
drainage, but have in numerous instances proved prac-

THE REMOVAL OF ROOF WATER FROM 
B U ILDINGS. 

By DWIGHT POR'.rER, Ph.B. 
IN most cases roof water. will soon take itself off with

out assistance, but its manner of doing this, and the 
final disposal thus made of the water, are not always sa
tisfactory. Dri pping eaves projecting over city sidewalks 
would be an intolerable nuisance: and whether in citv 
or in country, rain water allowed to fall freely from the 
roof to the ground next the building tends to dampen 
the cellar, foundations, and walls, and thereby to ill
jure the health of inmates of the building, as well as 
to harm the strncture itself and property contained 
within. It therefore becomes essential to direct the 
course of water falling upon the roof, and to convey it  
away t o  a proper point of discharge. To effect these 
purposes various arrangements have been employed, 
sOlue of which will be mentioned, 

For directing the course of the water, as it is received 
upon the roof, to a suitable point of discharge, we have 
gutters. On old-fashioned country houses these were 
often made from a log of moderate diam eter, sawed 
lengthwise, gouged out, and supported by hooks or 
brackets under the eaves. In modern construction the 
gutter is very comlll only made angular in cross section, 
formed upon a wooden cornice, with a protecting 
sheathing of tin, galvanized iron, or copper. Half 
round or angular gutters of these metals are also used 
hung at the eaves. 

(.)alvaruzed .Iron (;t.dLLY'S 

tically insufficient for managing the voillme of water 
furnished by heavy storms, which is doubtless often 
hundreds of times as great as that coming from i nterior 
house drainage. In the Sloane building, to which refer
ence has already been made, I am informed that it was 
found necessary, on this account, to enlarge the main 
drain from 8 inches diameter to 10 inches, considerable 
damage having been suffered, two or three summers 
ago, 'from a flood of rain water during a severe storm. 

A practical difficulty connected with the delivery of 
roof water to the house drain has also been experienced 
under certain circumstances, in the apparent carrying 
along by friction, and imprisonment, of a large alllount 
of air by the descending column of water, and a con
sequent pressure upon the traps of connecting pipes, 
and even a serious interference with the flow in the 
main drain itself, unless relieved by ample venting. An 
instance was men tioned to the writer by Mr. John C. 
Collins, Chief Inspector of Plumbing for t.he New York 
Board of Health, in which very considerable injury to 
property resulted in this way, the rain watflr bursting 
out near the bottom of a leader and flooding the base
ment of a building. The leader ran down the rear of 
the building. the main part of gal vanized iron, suc
ceeded near the bottolll by a cast iron shoe connecting 
with the drain. In the drain was a running trap near 
the foot of the leadflr, and another near the front of 
the building. Two stacks of waste pipe and a stack of 
soil pipe joined the drain between the traps, and there 
was near the front of the building the usual four-inch 
fresh air inlet. Still, the five-inch drain appeared in

II c ( 
capable of serving the leader in heavy rains, and water 

V would back up 10 or 12 feet high in the leader and over-
flow at the top of the cast iron shoe. That the trouble 

Leaders, conductors, or rain spouts, as they arfl vari
ously termed, receive the discharge frolll the gutters, 
and, descending toward the ground, convey the water 
a stage farther in its journey. The problems connected 
with rain leaders are not very intricate, but yet they 

was due to the interference of imprisoned air was indi
cated by the fact that it was partly relieved by insert
ing a two-inch air vent between the leader and the first 
trap, and entirely overcome by a t.hree-inch vent. 

Now and then we find the roof water carried to the 
street sewer in an independent line of pipe, but the 
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usual, and what is generally considered the preferable, 
practice is to conduct it directly into the house drain, 
sometimes at the back end, sometimes at. the front, just 
inside the main trap. and again a.t both these or at in
termediate points, according to circumstances. 

On a large proportion of CIty buildings the rain lead
ers run down the outside of the walls, but yet in a con
siderable number they are carried down within the 
walls, in which case it is evidently .rl esfrable that the 
same care should be taRen to prevent the escape of 
drain or sewer air through defective material and joints 
that would be taken with stacks of soil or waste pipe. 
Consequently we find in the public regurations in force 
in large cities requirements that the leaders shall be 
constructed of iron (in New York cOIl per w ay also be 
used), if carried within t,he walls. In New York City it 
is permitted that leaders or iron or copper shall be with
out traps, unless the top is near a window, in which 
case a trap is required at the base. In Boston, how
ever, all leaders must be trapped in new construction. 
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The troubles encountered in the practical service of 
leaders and gutters are occasioned in part by their be
coming choked with leaves or rubbish, but principally 
by their being clogged and burst by accumulations of 
ice in wiuter. Leaves ana rubbish may be largely ex
cluded from leaders by the use of wire strainers or iron 
gratings, though these of course do not prevent acculll
ulations outside and near the tops of the leaders. In 
the midst of a large city. however. leaves are usually 
strangers, and in a cold climate the trouble with gut
ters and leaders comes from ice. It is very common to 
see a tin or a gal vanized iron leader brought from the 
roof down the face of a building and terminating in an 
iron " pipe shoe," as it is called. Such an arrangement 
will be found on the brick blocks of tenement houses 
on Nashua and Billerica streets, for example, in Boston, 
and walking t.hrough these streets it will be noticed that 
nearly every one of the cast iron shoes has been split 
by ice. Leaders often become incased in ice to the size 
of a barrel, from top to bottom, while from gutters and 
eaves depend huge icicles which threaten the heads of 
passers below. 

These troubles from ice cannot· in all cases be con
veniently and entirely avoided, but on important build
ings it is pflrfectly practicable to escape them by pro
per location of leaders and gutters, by the use of pipes 
of suitable material and shape, and by the supplement
ary employment, in some cases, of steam. 

On steeply pitched roofs, gutters are naturally found 
at the eaves, either built out or suspended, as has be
fore been mentioned, with leaders running down on 
the face of the walls. But large business blocks are 
now very commonly built with tolerably flat roofs, a 
long slope from front to rear bei ng succeeded by a 
short rise to the edge of the roof, the V-shaped channel 
between the two slopes serving as an ample gutter. 
Sometimes, indeed, as on the Morse and the Wilde 
estate buildings, on Washington Street, in Boston, 
the roof is given a slope from both front and rear to
ward the center, where the gutter channel is thus 
forliled. In either of these constructions, the gutter 
being entirely upon the main part of the roof, it is 
natural and easy to carry down the leader within the 
building, and where this is done, little or no difficult.y 
is experienced from ice. Rain, snow, and ice then take 
care of t.hemselves, and the heat of the building, sup
posing it to be occupied, is found sufficient in this cli
mate to prevent accumulations within the leader. 

As has already been said, the regulations in large 
cities would prescribe for such cases iron or copper 
pipes, which indeed would naturally be employed. The 
same materials may be, and often are, utilized also for 
outside leaders, but galvanized iron and tin are far 
more cOlIlmon. The choice of material is important 
chiefly in connection with the lasting qualities of the 
pipe ; the shape of the cross section, and the mode of 
making the longitudinal seam, are imp0l'tant as regards 
protection against bursting by ice. 

In some parts of the country zinc was once almost 
exclusively employed for leaders; in other parts, tin. 
Tin pipes are still perhaps the most commonly used, 
on the whole. of all kinds, on account of cheapness in 
first cost; but galvanized iron pirJes are considered 
superior, and being not greatly more expensive than 
tin are given the preference in good work. Either ma
terial, however, is subject to gradual corrosion from 
the water which comes in contact with it. more rapid 
corrosion from the moist salt air along the coast, and 
still more rapid corrosion from steam and from sewer 
air. In New York City, for instance, there are many 
leaders having untrapped connection with drain or 
sewer, and these leaders, whether of tin or of galvaniz
ed iron, are said to withstand corrosion generally but a 
very few years. 

There are two principal varieties of tin in use for 
roofing and leader purposes. The old fashioned or 
bright tin is " black iron, " as it is called, or more and 
more commonly at the present t.ime a mild steel, cov
ered with a coating of pure tin. The dull tin. which is 
now largely made. has the coating of tin with an ad
mixture of lead. The bright tin. which alone of these 
varieties is safe for culinary articles, and which is often 
also supposed to be best suited to use on buildings, is 
considered by many whose experience is of value to be 
inferior for this purpose to a good dull or " lead ed "  tin. 
The latter material. when redipped in t he process of 
coating. resists corrosion from moist and especially 
from salt air much better than the former. 
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